Aim: Although there is some evidence of the relationships between sleep duration/quality and nutrient and/or food intake, the associations between sleep and dietary patterns have been poorly explored. The aim of the present study was to evaluate sleep duration and quality in relation to adherence to the Mediterranean diet (MeDi), and to investigate the sex-and age-specific associations in a population-representative cohort of older adults.
Introduction
Sleep curtailment and low sleep quality are commonly reported problems in older people, and many adults of older age complain of sleep disorders. 1 It is well known that several parameters, including age, sex, weight status and depression, might affect sleep duration and/or quality. 2 Furthermore, dietary factors, in regard to total energy intake, macro-as well as micronutrients and food intake, might have an impact on sleep duration and sleep quality. 3 As an example, antioxidant vitamins and minerals, such as vitamin C and selenium, play an important role in enhancing sleep duration and quality by attenuating responses that could lead to chronic inflammation, which is connected to poor sleep. 4 However, beyond specific nutrients and/or foods, a holistic, whole-diet approach, through the use of dietary patterns, would provide important information on the role of nutrition on sleep outcomes and account for the potential synergistic or antagonistic effects of individual diet components. 5 Under this perspective, the Mediterranean diet (MeDi) is a traditional, plant-based dietary pattern comprehensively studied for its favorable health effects, mainly on cardiovascular health and cancer. 6 Several mechanisms have been proposed to account for this protective effect, including vascular factors, and the MeDi has been found to reduce the risk of cardiovascular comorbidities, such as dyslipidemia and hypertension, as well as inflammation, as the MeDi attenuates inflammation processes. 7 In relation to sleep, adherence to the MeDi was beneficially associated with sleep quality and the risk of changes in sleep duration prospectively, 8 or with the insomnia symptoms in older persons. 9 However, these studies have not included a thorough neurological evaluation, which would allow for detailed differential diagnosis or an accurate description of the cognitive status of each participant. The present study endeavored to add to the existing evidence by exploring the potential associations between adherence to the MeDi and both sleep duration and sleep quality in a large representative cohort of people aged ≥65 years, taking into account their cognitive status.
Methods

Sample and procedures
The Hellenic Longitudinal Investigation of Aging and Diet (HELIAD) is a population-based, multidisciplinary, collaborative study designed to estimate the prevalence and incidence of mild cognitive impairment, Alzheimer's disease and other types of dementia in the Greek population, as well as to evaluate several factors that contribute to the health status of older people. The study design and methods have been described extensively in the study methodology paper. 10 The sample consisted of 1639 community-dwelling older people (aged ≥65 years) from a suburb of Athens (Marousi) and an urban area in Greece, the city of Larissa (including its rural surroundings). Volunteers were selected through random sampling from municipality registries. Assessment sessions took place in day care centers for older adults, the participants' homes or municipal public health clinics. All procedures were approved by the institutional ethics review board of the University of Thessaly, as well as the institutional ethics review board of the University of Athens. Volunteers participated in an extensive face-to-face evaluation with neurologists, trained neuropsychologists and dieticians, lasting approximately 2.0-2.5 h per participant. In the context of the study, sociodemographic information as well as information on medical and family history (including depression), lifestyle (including sleep), physical activity, memory, and other cognitive problems was collected through structured questionnaires. In addition, participants were screened for neuropsychiatric conditions, through a complete and structured neurological evaluation. Diagnosis of dementia, Alzheimer's disease and mild cognitive impairment (MCI) was set according to international criteria (Diagnostic and Statistical Manual of Mental Disorders IV, National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria and International Working Group on MCI). 11 Participants diagnosed with dementia were excluded from the study sample (n = 90). Furthermore, we excluded from the initial sample those who were under sleep treatment (n = 152). Sleep medication use includes narcotics, hypnotics, antipsychotics, anticholinergics and phenobarbital drugs.
Dietary assessment
Habitual diet during the previous month was assessed using a validated semiquantitative food frequency questionnaire (FFQ). 12 The questionnaire was completed by each participant with the aid of an experienced investigator and when necessary with the aid of a caregiver. The FFQ contained 69 questions on the consumption of various foods, including dairy products, cereals, fruits, vegetables, meat, fish, legumes, added fats, alcoholic beverages, stimulants and sweets. Using a 6-point scale, participants indicated the absolute frequency of consuming a predetermined amount of food. Responses were converted to daily intakes of specific food items and were extrapolated into energy intake. Adherence to the a priori defined Mediterranean dietary pattern was evaluated using the MedDietScore, an 11-item composite score calculated for each participant from the FFQ-based food consumption. 13 For food groups presumed to be part of the Mediterranean pattern (i.e. those with a recommended intake of four servings per week or more, such as non-refined cereals, fruits, vegetables, legumes, olive oil, fish and potatoes), lower scores were assigned when participants reported no, rare or moderate consumption, whereas higher scores were assigned when the consumption was according to the rationale of the Mediterranean pattern. For the consumption of foods presumed not to be part of the Mediterranean pattern (i.e. consumption of meat and meat products, poultry, and full fat dairy products), scores were assigned on a reverse scale. For alcohol, a score of 5 was assigned for consumption of less than three wineglasses per day, a score of 0 for consumption of more than seven wineglasses per day and scores from 4 to 1 for consumption of three, four to five, six and seven or zero wineglasses per day, respectively. The theoretical range of the MedDietScore is between 0 and 55, with higher values indicating greater adherence to the MeDi.
Sleep measures
Participants were asked to complete the Sleep Scale from the Medical Outcomes Study, consisting of 12 self-reported items. 14 Sleep quality was then evaluated through the Sleep Index II, by summing up the following questions referring to the previous 4-week period: (i) "How long did it usually take for you to fall asleep?"; (ii) "Feel that your sleep was not quiet (moving restlessly, feeling tense, speaking etc. while sleeping)?"; (iii) "Get enough sleep to feel rested upon waking in the morning?"; (iv) "Awaken short of breath or with a headache?"; (v) "Feel drowsy or sleepy during the day?"; (vi) "Have trouble falling asleep?"; (vii) "Awaken during your sleep time and have trouble falling asleep again?"; (viii) "Have trouble staying awake during the day?"; and (iv) "Get the amount of sleep you needed?". Each of the questions has a possible rating of 1-6, based on the frequency of the sleep problem. Sleep quality was used as a continuous variable, ranging between 1 and 54, with higher scores indicating greater sleep dysfunction. Furthermore, in order to examine sleep duration, participants were asked to report on how many hours they sleep each night during the past 4 weeks. For the analyses reported herein, self-reported total sleep duration was used in hours and as a continuous variable.
Covariates
Age (in years), sex (dichotomous variable), education (years of education), total energy intake from the FFQ (kcal/day), body mass index (BMI) and depression were used as covariates. BMI (kg/m 2 )
was calculated by dividing the weight in kilograms by the height in meters squared. Height and weight were measured on a leveled platform scale and a wall-mounted stadiometer, to the nearest 0.5 cm and 0.5 kg, respectively. Depression was used as a dichotomous variable: participants who scored >6 points in the Geriatric Depression Scale, a 15-item self-report questionnaire, and/or were diagnosed with depression and/or were under antidepressant treatment were considered to suffer from mood disorders. 15 Assessment of physical activity was carried out using a validated brief questionnaire (the Athens Physical Activity Questionnaire). 16 The Athens Physical Activity Questionnaire collects selfreported information on physical activity, and examines time spent on occupational activities, activities at home and recreational activities, as well as sleeping and sedentary habits. Thus, it allows the prediction of total metabolic equivalent minutes per week, which was used as a continuous variable.
Statistical analysis
Characteristics of the participants were expressed as mean values AE standard deviation or as percentages. Differences among groups were tested through analysis of variance for continuous variables and Pearson's χ 2 -test for categorical variables. Linear regression analyses were carried out with the MeDi variable as the predictor and sleep quality as well as sleep duration as outcome variables. Subsequently, analyses were carried out after adjusting for age, sex, depression, years of education, BMI, level of physical activity and total energy intake. The MedDietScore was used either as a continuous variable or as tertiles, with the first tertile (i.e. lowest adherence to the MeDi) being the reference group and compared with the other tertiles; that is, T2 and T3, with the last tertile indicating the greatest adherence to the MeDi. Specifically, the first tertile included participants with MedDietScore ≤32, the second tertile 32-36 and the third tertile included participants with MedDietScore ≥36. The level of significance was set at P < 0.05.
Results
Comparisons between the tertiles of MeDi adherence showed that participants with lower MeDi adherence were older, had a higher frequency of depression, a higher BMI, and lower total energy intake compared with participants with middle and high MeDi adherence (Table 1) . Furthermore, participants with lower MeDi adherence reported worse sleep quality compared with those having middle and high MeDi adherence; however, sleep duration did not differ between the groups of tertiles of MeDi adherence (Fig. 1) .
Sleep quality was positively associated with MeDi adherence in the unadjusted model, as well as when the model was adjusted for age, sex, depression, years of education, BMI, level of physical activity and total energy intake ( Table 2 ). In contrast, sleep duration was not associated with MeDi adherence either in the unadjusted or the adjusted models. When we excluded participants with MCI, the results did not change (data not shown). Analyses of the associations between MedDietScore and individual components of sleep quality showed that adherence to the MeDi was negatively associated with the following components: trouble falling asleep and sleep disturbance, and positively with sleep adequacy even after controlling for the covariates mentioned above (Table 3) .
Statistically significant interactions were observed between the sleep variables and sex, as well as age using MedDietScore as the outcome. Thus, analyses by sex and by age group were carried out. When the sample was divided into men and women, the results did not change. In relation to age, the sample was split into those aged ≤75 years and those aged >75 years. The analyses showed that sleep quality was positively associated with MeDi adherence only in those aged ≤75 years, and not in the older group, in both unadjusted and adjusted models. Sleep duration was not related to MeDi adherence either in those aged ≤75 years or in those aged >75 years (Table 4) .
Discussion
The findings of the present cross-sectional study show that sleep quality, rather than sleep duration, is positively associated with the adherence to the MeDi in a large sample of adults aged ≥65 years. The exclusion of individuals with dementia and then those with MCI, based on a comprehensive neuropsychological evaluation, allowed us to minimize the potential effect of cognitive problems on sleep and discuss other potential pathways.
Poor sleep quality is linked to high levels in markers of inflammation and oxidation, 17 and anti-inflammatory as well as antioxidative properties have been extensively attributed to the MeDi. 18 Specifically, poor sleep quality has been linked to increased levels of C-reactive protein, 17 and adherence to MeDi has been shown to attenuate inflammation processes while, at the same time, increase adiponectin levels, a molecule with antiinflammatory actions. 18 Furthermore, anti-oxidant molecules have been shown to be higher among high-quality sleepers and towards this direction, people that adhere closely to MeDi have higher anti-oxidant capacity. 19 Vascular pathways might also explain connections between MeDi and sleep quality: poor sleep, even in the absence of sleep apnea, is associated to endothelial dysfunction and metabolic disturbances, 20 and MeDi was found to have a protective effect on them. 21 Finally, some foods characterizing the Mediterranean dietary pattern, such as olives, some kinds of fish and seasonal fruits, are good sources of melatonin; 22 melatonin is a neurohormone that modulates circadian rhythms and is involved, among others, in the sleep-wake cycle by promoting sleep and subsequently enhancing sleep quality. 23 In contrast, we cannot exclude the possibility of reverse causality. Sleep restriction is linked to elevated ghrelin levels and decreased leptin levels, leading to increased hunger and appetite, especially for energydense foods. 24 It could be hypothesized, thus, that low sleep quality and sleep problems lead to lower diet quality; that is, lower adherence to the MeDi. In any case, the exact mechanisms and the direction of the association remain to be elucidated. Interestingly, we reported that MeDi adherence was not significantly related to sleep duration. Previous research has suggested the importance of self-reported sleep quality in the assessment of sleep and sleep disease associations. 25, 26 In the present study, sleep quality, as a more complete index, might be the most important sleep measure associated with dietary choices, making sleep duration less sensitive, not significantly associated with diet. The present findings also suggest that the connection between MeDi adherence and sleep quality was evident only in individuals aged ≤75 years. A possible explanation could be that with increasing age, the frequency of other comorbidities, such as hypertension, is increased and these diseases might have a greater impact on sleep quality. 27 As a result, they could mask the effect of the Mediterranean dietary pattern on sleep quality. Furthermore, although we excluded the individuals taking the most well-known categories of drugs affecting sleep, it remains a possibility that other drugs might indirectly affect sleep, and older adults have increased percentages of polypharmacy. 28 Furthermore, it has been previously shown that older elderly people have more problems regarding sleep quality in relation to younger elderly people. 29 Hence, the protective role of MeDi might reach a plateau in adults aged >75 years due to the increased frequency of sleep problems. Finally, in older elderly adults, several alterations regarding sleep architecture occur with a reduction of the deeper stages of sleep as well as a shift in the circadian rhythms, which is expected to deteriorate sleep quality. 30 The results of the present study should be considered in the context of its methodological limitations. As discussed above, the study had a cross-sectional design and it could not establish causal relationships; it only stated hypotheses for future investigations. Although we took into consideration many important confounders in the relationships explored, the effect of other factors not assessed in this study (i.e. residual confounding) cannot be excluded entirely. Sleep duration and sleep quality were selfreported by the volunteers, so the possibility of misreporting cannot be ruled out. However, objective sleep measurements are typically invasive methods and it is difficult to use them in a largescale study. We have previously checked the internal consistency between different self-reported variables regarding sleep quality and duration; the results showed high convergent validity. 25 At the same time, the study had important strengths. Participants coming from both a rural and an urban area were selected through random sampling, thus selection bias was low. We adjusted for many potential confounders and we excluded the participants with dementia or MCI from the sample; a clinical evaluation carried out by dementia experts in the present study permitted a fine-tuned classification of the participants' cognitive status, a procedure that is missing from previous studies. Dietary data were collected using instruments validated in the population under investigation, and the score used for estimating adherence to the MeDi, the MedDietScore, is based on weighting of the selected food groups according to the frequency of consumption (thresholds were chosen according to an a priori hypothesis), regardless of the consumption by the sample studied. 13 In conclusion, lower MeDi adherence is related to poor sleep quality, rather than short sleep duration, in older adults, even after controlling for potential confounders. The association was detected mainly in individuals aged ≤75 years, and it was independent of sex. The adverse effects that poor sleep quality exerts on the health of older adults have been shown extensively; thus, it is of great importance to understand the determinants of poor sleep in older adults. We propose that adherence to a healthy dietary pattern, the MeDi, should be advised as a means to improve sleep quality in older people. Additional studies, however, are required to confirm these relationships and to determine the underlying mechanisms connecting diet and sleep quality in older adults. 
